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[Document Name] Specification 

[Title of the Invention] Dry Grinding System and Dry 

Grinding Method 

[Detailed Description of the Invention] 

[ 0001 ] 

[Technical Field to which the Invention Pertains] 

The present invention relates to a dry grinding system 
which is suitable for use in production of, for example, 
abrasives or fillers; and to a dry grinding method employing 
the system. 

[ 0002 ] 

[ Background Art ] 

In general, ceramic powder such as alumina powder or 
silicon carbide powder, which is employed as, for example, 
abrasives or fillers, is produced through grinding of raw 
material powder having a large average particle size. 

Grinding processes are roughly classified into batch grinding 
processes and continuous grinding processes. Continuous 
grinding processes are roughly classified into an open- 
circuit grinding process and a closed-circuit grinding 
process. Among these grinding processes, a continuous 
grinding process; particularly, a closed-circuit grinding 
process, is widely employed by virtue of its excellent 
grinding efficiency. Grinding processes include a dry 
grinding process and a wet grinding process. When a dry 
product is to be produced by means of a grinding process, in 
many cases, a dry grinding process, which does not require a 
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drying, step, is employed. 

[0003] 

An exemplary dry closed- circuit grinding system is 
described in Non-Patent Document 1. The grinding system will 
next be schematically described with reference to Fig. 3. 

As shown in Fig. 3, the conventional dry closed-circuit 
grinding system includes grinding means 120 for dry-grinding 
a material to be ground 110; classification means 130 for 
classifying a ground product 121 obtained through the 
grinding means 120, into fine powder 131 having a relatively 
small average particle size and coarse powder 132 having a 
relatively large average particle size; and returning means 
140 for returning to the grinding means 120 the coarse powder 
132 obtained through the classification means 130. 

In this system, the fine powder 131 obtained through 
the classification means 130 is collected, and the coarse 
powder 132 is repeatedly subjected to grinding until the 
resultant powder attains a predetermined average particle 
size. The above-collected fine powder; i.e., finely divided 
powder, finds utility in a variety of applications without 
any further treatment, or, if desired, after being subjected 
to further classification. 

[0004] 

[Non-Patent Document 1] 

"Chemical Engineering Handbook” published by Maruzen, October 
25, 1978, page 1265 



[ 0005 ] 
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[Problems to be Solved by the Invention] 

However, the aforementioned conventional dry grinding 
system sometimes fail to attain an efficient production of a 
powder product having a target average particle size. 

Alumina powder suitable for use as abrasives, etc. has 
an average particle size of, for example, 45 to 90 urn. In 
the case where an alumina powder product having such an 
average particle size is to be produced by subjecting, to 
further classification, alumina fine powder obtained through 
the classification means of the aforementioned conventional 
system, when a secondary crusher is employed as the grinding 
means, the fine powder contains large amounts of particles 
having a particle size greater than a target particle size; 
i.e., the amount of particles having a particle size falling 
within a target particle size range is reduced, and therefore 
the productivity is low. 

Employment of a pulverizer as the grinding means should 
be a possible solution for increasing the amount of particles 
contained in the fine powder that have a particle size 
falling within a target particle size range. However, in 
this case, the fine powder contains large amounts of 
ultrafine particles, and thus classification efficiency of 
the fine powder is lowered, leading to low productivity. 

[0006] 

In view of the foregoing, the present invention 
contemplates provision of a dry grinding system and a dry 
grinding method, which can produce at high efficiency a 
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powder, product having a target average particle size. 

[ 0007 ] 

[Means for Solving the Problems] 

In order to solve the aforementioned problems, the 
present inventors have performed extensive studies, and have 
accomplished the present invention on the basis of the 
results therefrom. 

A characteristic feature of the dry grinding system of 
the present invention resides in that the system includes 
grinding means for dry- grinding a material to be ground; 
first classification means for classifying a ground product 
obtained through the grinding means, into fine powder having 
a relatively small average particle size and coarse powder 
having a relatively large average particle size; second 
classification means for further classifying the coarse 
powder obtained through the first classification means, into 
fine powder having a relatively small average particle size 
and coarse powder having a relatively large average particle 
size; and returning means for returning to the grinding means 
the coarse powder obtained through the second classification 
means . 

Preferably, the dry grinding system of the present 
invention further includes collection means for collecting 
the fine powder obtained through the first classification 
means, and collection means for collecting the fine powder 
obtained through the second classification means, wherein the 
collection means for collecting the fine powder obtained 
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through the second classification means includes means for 
removing iron . 

[ 0008 ] 

The dry grinding system of the present invention may 
further include third classification means for further 
classifying the fine powder obtained through the second 
classification means, into fine powder having a relatively 
small average particle size and coarse powder having a 
relatively large average particle size; and returning means 
for returning to the grinding means the coarse powder 
obtained through the third classification means. 

In the case where the dry grinding system has the 
aforementioned configuration, preferably, the system further 
includes collection means for collecting the fine powder 
obtained through the first classification means, and 
collection means for collecting the fine powder obtained 
through the third classification means, wherein the 
collection means for collecting the fine powder obtained 
through the third classification means includes means for 
removing iron . 

[ 0009 ] 

In the dry grinding system of the present invention, 
preferably, the grinding means is a ball mill, the first 
classification means is an air classifier, and each of the 
second and third classification means is a sieve. 

The fine powder obtained through the first 
classification means preferably has an average particle size 
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of 5 to 25 uni. The fine powder obtained through the second 
or third classification means preferably has an average 
particle size of 45 to 90 pm and a bulk density of 1.7 to 2.1 
The material to be ground is preferably alumina. 

[ 0010 ] 

A characteristic feature of the dry grinding method of 
the present invention resides in that the method includes a 
grinding step of dry- grinding a material to be ground; a 
first classification step of classifying a ground product 
obtained through the grinding step, into fine powder having a 
relatively small average particle size and coarse powder 
having a relatively large average particle size; a second 
classification step of further classifying the coarse powder 
obtained through the first classification step, into fine 
powder having a relatively small average particle size and 
coarse powder having a relatively large average particle 
size; and a returning step of returning to the grinding step 
the coarse powder obtained through the second classification- 
step. 

Preferably, the dry grinding method of the present 
invention further includes a collection step of collecting 
the fine powder obtained through the first classification 
step, and a collection step of collecting the fine powder 
obtained through the second classification step, wherein the 
collection step of collecting the fine powder obtained 
through the second classification step includes a step of 
removing iron . 
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[poll] 

The dry grinding method may further include, instead of 
the collection step of collecting the fine powder obtained 
through the second classification step, a third 
classification step of further classifying the fine powder 
obtained through the second classification step, into fine 
powder having a relatively small average particle size and 
coarse powder having a relatively large average particle 
size; and a returning step of returning to the grinding step 
the coarse powder obtained through the third classification 
step . 

In this case, preferably, the dry grinding method 
includes a collection step of collecting the fine powder 
obtained through the first classification step, and a 
collection step of collecting the fine powder obtained 
through the third classification step, wherein the collection 
step of collecting the fine powder obtained through the third 
classification step includes a step of removing iron. 

[ 0012 ] 

[Modes for Carrying Out the Invention] 

[First Embodiment] 

Next will be described a dry grinding system according 
to a first embodiment of the present invention and a dry 
grinding method employing the system with reference to Fig. 1. 

As shown in Fig. 1, the dry grinding system of the 
present embodiment includes grinding means 20 for dry- 
grinding a material to be ground 10; first classification 
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means .30 for classifying a ground product 21 obtained through 
the grinding means 20, into fine powder 31 having a 
relatively small average particle size and coarse powder 32 
having a relatively large average particle size; second 
classification means 50 for further classifying the coarse 
powder 32 obtained through the first classification means 30, 
into fine powder 51 having a relatively small average 
particle size and coarse powder 52 having a relatively large 
average particle size; and returning means 70 for returning 
to the grinding means 20 the coarse powder 52 obtained 
through the second classification means 50. 

The dry grinding system of the present embodiment 
further includes fine powder product collection means 40 for 
collecting, as a "fine powder product," the fine powder 31 
obtained through the first classification means 30; and 
coarse powder product collection means 60 for collecting, as 
a "coarse powder product," the fine powder 51 obtained 
through the second classification means 50. Preferably, the 
coarse powder product collection means 60 includes iron 
removal means (not illustrated) for removing iron components 
from the fine powder 51. 

As used herein, the terms "fine powder product" and 
"coarse powder product" refer to a powder product having a 
relatively small average particle size and a powder product 
having a relatively large average particle size, respectively, 
the powder products being produced by use of the system of 
the present embodiment . 
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[ 0013 ] 

The dry grinding method of the present embodiment , 
which employs the aforementioned system, includes a grinding 
step of dry-grinding a material to be ground 10; a first 
classification step of classifying a ground product 21 
obtained through the grinding step, into fine powder 31 
having a relatively small average particle size and coarse 
powder 32 having a relatively large average particle size; a 
second classification step of further classifying the coarse 
powder 32 obtained through the first classification step, 
into fine powder 51 having a relatively small average 
particle size and coarse powder 52 having a relatively large 
average particle size; and a returning step of returning to 
the grinding step the coarse powder 52 obtained through the 
second classification step. Preferably, the dry grinding 
method further includes a collection step of collecting the 
fine powder 31 obtained through the first classification step, 
and a collection step of collecting the fine powder 51 
obtained through the second classification step, wherein the 
collection step of collecting the fine powder 51 obtained 
through the second classification step includes a step of 
removing iron . 

[0014] 

In the present embodiment , no particular limitations 
are imposed on the material to be ground 10. Examples of the 
material include ceramic materials such as alumina and 
silicon carbide. The material preferably assume a powdery 
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form. . 

Alumina powder is employed in a variety of products. 

For example, when alumina powder is incorporated, as a filler, 
into a resin composition, the powder can impart high wear 
resistance and high transparency to the composition. 

Specific examples of the raw material suitable for producing 
alumina powder include electro-fused alumina. 

[0015] 

No particular limitations are imposed on the physical 
properties of the fine powder product obtained through the 
first classification means 30 and the coarse powder product 
obtained through the second classification means 50. The 
physical properties of these products are appropriately 
determined in accordance with, for example, use thereof. 

The fine powder product obtained through the first 
classification means 30 preferably has an average particle 
size falling within a range of 5 to 25 [«n ( more preferably 10 
to 20 pm. 

When the average particle size of the fine powder 
product is less than 5 pm, the amount of ultrafine particles 
contained in the coarse powder 32 increases, and 
classification efficiency of the second classification 

step where the coarse powder 32 is again subjected to 

classification may be lowered. In contrast, when the 

average particle size of the fine powder product exceeds 25 
pm, the amount of the particles contained in the fine powder 
product that have a particle size falling within a target 
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particle size range is decreased, and the amount of the 
coarse powder product to be collected is decreased. 

Meanwhile, the coarse powder product obtained through 
the second classification means 50 preferably has an average 
particle size falling within a range of 45 to 90 |xm, more 
preferably 55 to 75 pun. The coarse powder product preferably 
has a bulk density falling within a range of 1.7 to 2.1, more 
preferably 1.8 to 2.0. 

In the case where the average particle size of the 
coarse powder product is less than 45 ^un, when the product is 
incorporated, as a filler, into a resin composition, 
dispersibility of the product in the composition is impaired, 
which may cause deterioration of characteristics of the resin 
composition (e.g., non-uniformity of the composition) . In 
contrast, in the case where the average particle size of the 
coarse powder product exceeds 90 ^m, when the product is 
incorporated, as a filler, into a resin composition, the 
composition may contain particles having a size greater than 
the thickness of the resultant resin layer, and thus 
characteristics of the resin layer may be deteriorated; for 
example, surface smoothness of the layer may be deteriorated. 
In the case where the bulk density of the coarse powder 
product is less than 1.7, when the powder product is 
incorporated, as a filler, into a resin composition, filling 
performance of the powder product is poor. In the case where 
a coarse powder product having a bulk density in excess of 
2.1, the residence time of the material to be ground within 
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the grinding means 20 must be shortened, increasing the 
circulation ratio in closed-circuit dry grinding. 

As used herein, "average particle size" is measured by 
means of laser dif f ractometry and the method specified by 
"JIS R 6002" and "bulk density" is measured by means of the 
method specified by "JIS R 6126 (old version)." 

[0016] 

No particular limitations are imposed on the grinding 
means 20, so long as the means can grind the material to be 
ground 10. The grinding means 20 can be appropriately chosen 
in accordance with, for example, the intended physical 
properties of a powder product. 

For example, when a fine powder product having an 
average particle size of 5 to 25 pun and a coarse powder 
product having an average particle size of 45 to 90 ^m and a 
bulk density of 1.7 to 2.1 are produced, preferably, a 
grinding apparatus which is generally defined as an 
"pulverizer" is employed as the grinding means. Particularly, 
a ball mill is preferred. When a ball mill is employed as 
the grinding means, a fine powder product and a coarse powder 
product having the aforementioned physical properties can be 
produced at high efficiency. A ball mill is advantageous 
from the viewpoint of equipment cost, since it is an 
inexpensive pulverizer. 

[0017] 

No particular limitations are imposed on the first 
classification means 30, so long as the means enables 
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classification of the ground product 21 obtained through the 
grinding means 20. Examples of the classification means 
include an air classifier and a sieve. Of these, an air 
classifier is preferred, since it attains high classification 
efficiency of the fine powder 31; i.e., high collection 
efficiency of a fine powder product. 

No particular limitations are imposed on the second 
classification means 50, so long as the means enables 
classification of the coarse powder 32 obtained through the 
first classification means 30. Examples of the 
classification means include an air classifier and a sieve. 

Of these, a sieve is preferred, since it attains high 
classification efficiency of the fine powder 51; i.e., high 
collection efficiency of a coarse powder product. 

[0018] 

Examples of the iron removal means for removing iron 
components from the fine powder 51 (coarse powder product) 
include a magnetic separator. When such iron removal means 
is provided, iron components, which have entered the powder 
during, for example, the grinding step or the classification 
step, can be removed from the powder, and thus a high-quality 
coarse powder product containing small amounts of impurities 
can be produced. 

If desired, iron removal means similar to that 
described above may be provided in the fine powder collection 
means 40 for collecting the fine powder 31 (fine powder 
product) . 
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In the dry grinding system of the present embodiment 
and the dry grinding method employing the system, the fine 
powder 31 obtained through the first classification means 30 
is collected as a "fine powder product," the coarse powder 32 
is further classified into the fine powder 51 and the coarse 
powder 52 through the second classification means 50, and the 
resultant fine powder 51 is collected as a "coarse powder 
product . ” 

As described above, in the present embodiment, two 
types of powder products having different average particle 
sizes are collected in two different steps. The thus- 
collected "fine powder product" and "coarse powder product" 
can be applied to different uses. Each of the thus-collected 
powder products contains large amounts of particles having a 
particle size falling within a target particle size range; 
i.e., the powder product can be produced at high efficiency. 
Since, after the coarse powder 32 is separated from the fine 
powder 31 containing ultrafine particles through 
classification, the coarse powder 32 is further subjected to 
classification through the second classification means 50, 
adverse effects of the ultrafine particles on classification 
of the coarse powder 32 can be lowered. Therefore, lowering 
of classification efficiency in the second classification 
step, which is caused by the presence of the ultrafine 
particles, will never be incurred. 

Thus, the system of the present embodiment can produce 
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at very high efficiency powder products having a target 
average particle size (e.g., a fine powder product having an 
average particle size of 5 to 25 ^m, and a coarse powder 
product having an average particle size of 45 to 90 pun and a 
bulk density of 1.7 to 2.1). 

The system of the present embodiment employs a grinding 
apparatus (e.g., a ball mill) as the grinding means 20. 
Therefore, the system can produce at high efficiency a coarse 
powder product whose bulk density is 42 to 53% of its true 
specific gravity; i.e., a coarse powder product having a high 
bulk density (e.g., an alumina coarse powder product having a 
bulk density of 1.7 to 2.1 (true specific gravity of the 
product ; 3.98)). 

[ 0020 ] 

When alumina (e.g., electro-fused alumina), serving as 
a raw material, is dry-ground by use of the system of the 
present embodiment , there can be produced at high efficiency 
alumina powder exhibiting physical properties suitable for 
use as, for example, abrasives or fillers. Particularly, an 
alumina coarse powder product produced by use of the system 
of the present embodiment exhibits excellent compatibility in 
a resin. Therefore, when the coarse powder product is 
incorporated, as a filler, into a resin composition, high 
filling ratio is attained, and the resultant resin 
composition exhibits high transparency. 

[ 0021 ] 

[ Second Embodiment ] 
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Next will be described a dry grinding system according 

* 

to a second embodiment of the present invention and a dry 
grinding method employing the system with reference to Fig. 2. 
Components corresponding to those of the first embodiment are 
denoted by common reference numerals , and repeated 
description is omitted. 

[ 0022 ] 

The dry grinding system of the present embodiment 
differs from that of the first embodiment in that the system 
includes third classification means 80 for further 
classifying the fine powder 51 obtained through the second 

classification means 50 the fine powder 51 is not 

collected in the case of the present embodiment into fine 

powder 81 having a relatively small average particle size and 
coarse powder 82 having a relatively large average particle 
size; and returning means 100 for returning to the grinding 
means 20 the coarse powder 82 obtained through the third 
classification means 80. 

The system of the present embodiment includes , instead 
of the coarse powder product collection means for collecting, 
as a coarse powder product, the fine powder 51 obtained 
through the second classification means 50, coarse powder 
product collection means 90 for collecting, as a coarse 
powder product, the fine powder 81 obtained through the third 
classification means 80. As in the case of the first 
embodiment, preferably, the coarse powder product collection 
means 90 includes iron removal means (not illustrated) for 
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removipg iron components from the fine powder 81. 

♦ 

No particular limitations are imposed on the third 
classification means 80, so long as the means enables 
classification of the fine powder 51 obtained through the 
second classification means 50. Examples of the third 
classification means include an air classifier and a sieve. 

Of these, a sieve is preferred, since it attains high 
classification efficiency of the fine powder 81; i.e., high 
collection efficiency of a coarse powder product. 

[0023] 

The dry grinding method of the present embodiment 
differs from that of the first embodiment in that the method 
includes a third classification step of further classifying 
the fine powder 51 obtained through the second classification 
step, into fine powder 81 having a relatively small average 
particle size and coarse powder 82 having a relatively large 
average particle size; and a returning step of returning to 
the grinding step the coarse powder 82 obtained through the 
third classification step. 

[0024] 

In the present embodiment, the fine powder 51 obtained 
through the second classification means 50 is further 
classified into the fine powder 81 and the coarse powder 82, 
and the fine powder 81 is collected as a coarse powder 
product. Therefore, the present embodiment exhibits, in 
addition to the effects obtained from the first embodiment, 
the following effects: a coarse powder product exhibiting 



17 




more sjbable particle size distribution can be produced, and 
the amount of particles contained in the coarse powder 
product that have a particle size falling within a target 
particle size range can be further increased. 

[0025] 

[Examples ] 

The present invention will next be described by way of 
Examples . 

(Example 1) 

Dry closed- circuit grinding was performed by use of a 
dry grinding system similar to that of the first embodiment. 

Electro-fused alumina was employed as a material to be 
ground. A rotational ball mill having an inner capacity of 3 
m 3 was employed as grinding means . A f orced-vortex air 
classifier and a sieve were employed as first classification 
means and second classification means, respectively. 

The thus-ground product was subjected to classification 
through the first classification means, to thereby yield a 
fine powder product having an average particle size of 14 fun. 
Subsequently, the ground product was subjected to 
classification through the second classification means, to 
thereby produce a coarse powder product having an average 
particle size of 67 ^m and a bulk density of 1.95. The 
recovery amount and the yield of the coarse powder product 
were found to be 150 kg/h and 71%, respectively. Thus, in 
the present Example, a powder product having a target average 
particle size was produced at high efficiency. In addition. 
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the course powder product produced through the second 
♦ 

classification means was subjected to iron removal treatment, 
to thereby decrease the amount of iron in the product from 
240 ppm to 10 ppm or less. 

[0026] 

(Example 2) 

Dry closed-circuit grinding was performed by use of a 
dry grinding system similar to that of the second embodiment. 

Electro-fused alumina was employed as a material to be 
ground. A vibration ball mill having an inner volume of 0.5 
m 3 was employed as grinding means. A f orced-vortex air 
classifier was employed as first classification means. A 
sieve was employed as second classification means and third 
classification means. 

The thus -ground product was subjected to classification 
through the first classification means, to thereby yield a 
fine powder product having an average particle size of 16 nm. 
Subsequently, the ground product was subjected to 
classification through the third classification means, to 
thereby produce a coarse powder product having an average 
particle size of 59 nm and a bulk density of 1.81. The 
recovery amount and the yield of the coarse powder product 
were found to be 100 kg/h and 68%, respectively. Thus, in 
the present Example, a powder product having a target average 
particle size was produced at high efficiency. 

[0027] 

As described above, the present invention provides a 
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dry grinding system and a dry grinding method, which can 
produce at high efficiency a powder product having a target 
average particle size. 

[Brief Description of the Drawings] 

[Fig. 1] Fig. 1 shows a dry grinding system and dry 
grinding method according to a first embodiment of the 
present invention. 

[Fig. 2] Fig. 2 shows a dry grinding system and dry 
grinding method according to a second embodiment of the 
present invention. 

[Fig. 3] Fig. 3 shows a conventional dry grinding system 
and dry grinding method. 

[Description of Reference Numerals] 

10 Material to be ground 

20 Grinding means 

21 Ground product 
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Classification means 
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Collection means 
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Returning means 
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Fine powder 
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82 


Coarse powder 
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